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8-Methoxypsoralen, also known as "ammoidin" and "xanthotoxin", is one
of several compounds isolated from the leaves of the plant Ammi majus by
Fahmy and Shady (1, 2, 3). It is present in concentrations as high as 0.5% in
some parts of the plant and has been regarded as the most important active
principle of the extracts used in the treatment of vitifigo.
The abffity of the powdered plant, when used in conjunction with exposure
to sunlight, to restore color in depigmented skin has been known in Egypt
since ancient times, and its use is recorded in medical writings of the 13th cen-
tury; but definitive investigations of this phenomenon have only been possible
since 1947, when active products were isolated from the plant in crystalline
form and made available for use.
In a few of his earliest trials, El Mofty (4, 5, 6) employed 8-methoxypsoralen
alone with subsequent exposure to sunlight or ultraviolet rays, but in the vast
majority of subjects Mofty, as well as Sidi and Bourgeois-Gavardin (7, 8) used
mixtures of 8-methoxypsoralen and 8-isoamyleneoxypsoralen (ammidin, im-
peratorin) in different proportions, and the external applications were almost
invariably combined with internal administration of the same materials. Lerner,
Denton and Fitzpatrick (9), on the other hand, produced pigment in vitiiginous
areas with 8-methoxypsoralen by oral administration alone.
In view of the scarcity of data concerning the efficacy of this material used
externally only, it seemed of clinical as well as of theoretical interest to assay
more accurately the effect of exclusively external applications of 8-methoxy-
psoralen alone under the influence of sunlight or ultraviolet irradiation.
MATERIALS AND METHODS
Eighty-five persons with vitiligo received external treatment with 8-methoxy-
psoralen in the present study. Their age ranged from 6 to 70 years; 37 were
male, 48 female; 59 were white, and 26 dark-skinned (negro, Puerto Rican,
Chinese). The duration of the vitffigo varied from several months to more than
20 years, and the extent of involvement ranged from an isolated, small depig-
mented spot to multiple and/or extensive changes.
The presence of symmetrically involved areas in many of the subjects made
it possible to use the principle of "paired comparison" (10) in this study. The
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combined effect of 8-methoxypsoralen and subsequent ultraviolet irradiation
and the combined effect of the drug and subsequent exposure to natural sun-
light were compared with each other and with the effect of irradiation alone
and with that of 8-methoxypsoralen alone.
In every patient selected vitiliginous areas were painted with 1 % 8-methoxy-
psoralen dissolved in an alcohol, acetone, propylene glycol and water lotion*,
and exposed to ultraviolet irradiation immediately thereafter; first a single
erythema dose of ultraviolet radiation was employed, followed by gradual in-
creases of the exposure time. From April through September, natural sunlight
was used on selected areas whenever possible, starting with a one-minute ex-
posure and increasing the time slowly within the limits of tolerance.
Though the subjects were cautioned to avoid uncontrolled solar exposure of
the treated areas, this was not always possible in areas not protected by cloth-
ing, such as the face, neck or upper extremities; sun screens were not always
practical or effective.
Using comparable sites, we compared furthermore, the effect of 8-methoxy-
psoralen alone with that of a mixture of 8-methoxypsoralen and 8-isoamylene-
oxypsoralen, employing subsequent irradiation in every case.
In addition, the effect of the I % lotion of 8-methoxypsoralen was compared
with the effect of 1 % of this compound in a water miscible, stearic acid cream
baset.
Ultraviolet irradiation from a burner of the hot quartz type, as well as from
a carbon arc burner (generated by "sunshine" carbons) or natural sunlight
served as sources of radiation; again the efficacy of these different forms of ir-
radiation was subjected to comparative evaluation.
Seventy three of the patients received from 18 to 65 treatments, i.e., external
applications of the materials described followed by irradiation, and were ob-
served at weekly intervals for periods of from 4 to 18 months. The remaining
12 patients received three to six treatments and attended the clinic for 2 to 3
months.
RESULTS
Thirty-two of 85 patients showed formation of new pigment. In only six,
however, could the repigmentation be regarded as "cosmetically acceptable".
The agent was equally effective when dissolved in the liquid ("lotion") base
as when employed in the hydrophilic cream base.
Characteristically, the new melanin appeared in the form of small islands
within the vitiliginous area. Some of these spots enlarged peripherally and
some eventually coalesced. Under the skin microscope, these islands could be
seen to develop around the hair follicles in almost every instance, but they were
not visible about every follicle in the reactive area.
Melanin formation was never observed in "control" areas exposed to ultra-
* This "lotion" was obtained from the Paul B. Elder Company, Bryan, Ohio.
t This cream was obtained from the Paul B. Elder Company, Bryan, Ohio.
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violet irradiation alone, or in "control" areas to which 8-methoxypsoralen was
applied without subsequent irradiation.
Untoward reactions, ranging from mild erythema, pruritus, and exfoliation
to extensive edema and bulla formation with pain and weeping, occurred in
40 % of the subjects. These reactions never necessitated discontinuation of the
treatment, since they responded promptly to soothing wet dressings or bland
ointments.
Natural sunlight exceeded any artificial ultraviolet source in producing
melanin in psoralen-treated areas, as well as in producing severe inflammatory
reactions in these areas. In almost every instance, severe reactions could be
traced to an uncontrolled solar exposure on uncovered body surfaces.
No significant difference was noted between the effect of the radiation pro-
duced by the hot quartz generators and that produced by the carbon arc gener-
ator at our disposal.
The results obtained with 8-methoxypsoralen alone and with this agent in
combination with 8-isoamyleneoxypsoralen were identical. There was no dif-
ference in regard to melanin formation or in regard to the incidence and/or
intensity of the untoward reaction.
There was little conformity in melanogenesis and inflammatory response to
the treatments. Although pigmentation occasionally followed a severe bullous
response, melanogenesis did occur in subjects who showed little erythema, and
repigmentation failed to appear in many subjects who exhibited a severe irrita-
tion. On the other hand, the majority of patients who exhibited a recurrence
of pigment, first showed some degree of dermatitis.
DISCUSSION
Sidi and Bourgeois-Gavardin (8) postulate that the rays which are effective
in conjunction with the psoralens range from 2900 to 4077 A. They observed
reactions to these compounds after exposure to solar radiation that had passed
through window glass, and reported that inflammatory and/or melanogenic
reactions to the treatments occurred on hazy days, as well as after exposure to
direct sunlight. We were able to confirm the assumption of these authors that
the psoralens can be activated not only by rays of the known "erythemogenic
band" (below 3200 A), but also by rays of longer wave length: a marked in-
flammatory response as well as melanogenesis occurred in skin areas painted
with the 1 % 8-methoxypsoralen lotion when these areas were exposed to a
focussed beam of long-wave ultraviolet rays transmitted through a Corning
glass fflter* which allows maximum passage of rays in the region of 3660 At,
but eliminates the erythemogenic ultraviolet rays below 3200 A, as well as
almost all visible light above 4000 A. This observation indicates that ultraviolet
rays shorter than 3200 A are not indispensable for inducing the reactions in
question, although they may increase the effect.
* The equipment was supplied by G. W. Gates & Co., Franklin Square, L. I.
t 8-Methoxypsoralen exhibits fluorescence under this filtered ultraviolet radiation.
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Sidi and Bourgeois-Gavardin (8) showed that psoralen mixtures left on the
surface of the skin, by virtue of absorption of the effective rays, "protect" the
skin against erythema from natural sunlight or artificial ultraviolet irradiation.
In a similar analysis of the absorption spectrum, we transmitted the rays of a
hot quartz ultraviolet generator through a quartz dish containing the 1 % solu-
tion of 8-methoxypsoralen, while the dish was placed on the surface of normal
or of vitiliginous skin. The skin sites beneath the dishes showed no erythema
following such exposure.
By experiments in vitro, Lerner, Denton and Fitzpatrick (9) showed that 8-
methoxypsoralen strongly absorbs rays in the ultraviolet region from 2200 to
3500 A, with peaks at 2500 and 3000 A; these investigators suggested the utili-
zation of this absorption in various light sensitivity diseases. The results of our
quartz dish experiments are in agreement with the absorption curves of Lerner
et al (9).
The erythemogenic and/or melanogenic irradiation-effects after external ap-
plication of 8-methoxypsoralen may, at first glance, seem inconsistent with the
"protective" effect of psoralen mixtures applied to the skin surface, as shown
by Sidi et al (8), as well as with the ifitering effect of 8-methoxypsoralen dem-
onstrated in our quartz dish experiments. The inflammatory and/or pigmentary
reactions resulting from the treatments, however, suggest a) that the external
psoralen film does not prevent all active rays from passing into the skin, and
b) that some of the drug, too, actually penetrates into the layers beneath the
stratum corneum.
Regarding the passage of radiation (a), the Grotthaus-Draper law states that
oniy those wave lengths which are absorbed by a system can produce a photo-
chemical reaction in that system (11). Energy does not alter a system simpiy
by passing through; it must be absorbed. Blum (11) states that some degree of
correspondence between absorption spectrum and action spectrum is to be
anticipated, since the limits of the action spectrum probably correspond to the
limits of the absorption band of the light absorbing substance, and a maximum
of action is not to be expected in a region of minimum absorption.
The question of an interrelationship between the erythemogenic and the
melanogenic effect of these treatments is scarcely mentioned in the literature.
Although in our experience pigmentation was usually preceded by some degree
of inflammatory reaction, there was apparently no direct correlation between
these two effects, which often differed widely in intensity.
This discrepancy between inflammatory and pigmentary response emphasizes
the fact that the mechanism by which these treatments produce either of these
effects is poorly understood. Lerner et al postulate that it is the combined effect
of suithydril oxidation by 8-methoxypsoralen, and of ultraviolet stimulation of
melanocytes, which results in melanin formation.
SUMMARY
The effect of 8-methoxypsoralen applied locally and followed by solar or
ultraviolet radiation was studied in eighty-five subjects with vitiligo.
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New pigment was observed in thirty-two. The cosmetic result was acceptable
iii only six.
Natural sunlight employed in combination with the drug was superior to
irradiation from various ultraviolet generators.
8-Methoxypsoralen was as effective in this study when used alone as when
combined with 8-isoamyleneoxypsoralen.
The wave-lengths which are effective in combination with this substance as
well as speculations concerning the possible mechanism of action are discussed.
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DISCUSSION
DR. ARTHUR C. CURTId, Ann Arbor, Michigan: We have treated a fairly large
series of patients having vitiligo with the parenteral and local administration
of the psoralens, and our experience is very much like Dr. Kanof's. Certain
areas of the body, apparently, are very resistant to repigmentation such as the
distal ends of the phalanges.
It is our impression that the part of the spectrum which affects pigmentation
when one is administering psoralens, is rather broad; that is it certainly is more
than just the ultraviolet portion of the spectrum.
The percentage of good cures are related, first, to the duration of the viti-
ligo—the older cases being much less responsive, and second to the duration
of the treatment. Treatment must be over a period of as long as t\velve to
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twenty-four months with continuous exposure to sunlight when possible, or
ultraviolet light. No lamps today are comparable to sunlight.
Dir. NORMAN B. KANOF (in closing): I wish to thank Dr. Curtis for his re-
marks about the use of this medication by mouth. We limited our investigative
study to topical therapy. There is no doubt that the use of this material locally
only is not the answer to the problem of vitiligo from a therapeutic point of
view. The combined oral and local use of these materials will probably give the
greatest number of good results. Further work with more active extracts may
furnish additional information concerning the mechanism of repigmentation in
vitiligo, and help to improve the prognosis in this disfiguring ailment.
